In parallel studies, different regression models were tested to identify relationships between particular dendrobiometrical indicators on two sample plots representing forests dominated by the European beech in the Central Balkan Range (Bulgaria). The presence of incomplete multicollinearity was studied through correlation matrix for factor variables. Тo avoid multicollinear negative impact, step multiple regression was applied and adequate regression equations of the relationships under consideration were formulated. The results of statistical analysis confirmed that the link between the investigated indicators is strong and that the 'cloud' data show some 'sphericity' and distribution close to normal. In one of the sample plots, one major volumeforming factor -height does not participate in the obtained regression equation, so it is not possible to estimate its influence. By testing linear and several nonlinear regression dependencies and by mediating widely used statistical criterions for model selection, the optimal linear model of the considered link was chosen.
Introduction
Beech forests are among the most widely spread forests in Bulgaria (Tonchev et al., 2012) . They occupy 17% of the total forested area of the country (Vasileva and Stipcov, 2012) and their yield is 24% of the total stock (data from the Executive Environment Agency). In addition to their regional importance, there is a vital fact that only the Central Balkan Range comprises around 7% of the natural beech forests in Bulgaria (CBNPMP 2001 (CBNPMP -2010 (CBNPMP , 2001 .
All this determine the significance of these forests and the need for detailed study.
The growth and productivity of common beech has been investigated, among others, through different inventory indicators. For these indicators, numerous authors in Bulgaria and Europe carried out studies, determined relationships and suggested various regression models to fit their mutual relationships. The most similar to the issue discussed in this study are the works of Dimitrov and Lazarov (1979) , Mihov and Lazarov (1979) , Tsakov et al. (2003) , Kramer (1982) , Bartelink (1997) , Kindermann (1998) , Forstreuter (1999) , Guericke (2001) , Widlowski et al. (2003) .
As a part of the same global target, Zhiyanski et al. (2014) carried out an analogous investigation in a different region with Scots pine plantations in the Western Rhodopes in Bulgaria. These authors determined the influence of DBH, height, length and crown diameter on the stock in plantations, through multiple regression.
To the best of our knowledge, the implementing of this investigation approach and methodology in natural beech stands has not been carried out reported so far.
The aim of the present study was to test and implement regression models describing relationships between particular aboveground biometrical indicators, such as the diameter at breast height (DBH), stand height (H), length of crown (L k ), and aboveground stand volume (V), as a part of the study 'Carbon stocks in components of natural European beech ecosystems after thining activities in Central Balkan' (Naydenova et al., 2015) , in connection with the project 'Land-use and management impacts on carbon sequestration in mountain ecosystems'.
Materials and methods
The research ran on two sample plots established within the range of the State Forest Enterprise 'Troyan', located in the Central Balkan Range (Bulgaria). The plots are grown with natural forest stands dominated by European beech (each with an area of 0.1 ha). They have the same characteristics (Table 1) , which allowed to perform comparative analyses. The first sample plot (SP1) was used as a control -without human activity, and the second plot (SP2) was characterized with thinning activities conducted 20 years ago (before thinning, the stand density on both plots was the same). The studied region of Central Balkan Range is characterized with a temperate continental climate. The average annual temperature is 7 °C. The average monthly temperature ranges from -3.5 °C (January) to 22 °C (July), CBNPMP [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] 2001 . The average annual precipitation amount is 901 mm and varies between 680 mm and 1,000 mm, as its quantity and distribution depends both on altitude and on slope exposure. The maximum precipitation level is in summer (June) and the minimum in winter (February) . The data on precipitation level for the period from 1972 to 2012 for the region of Beklemeto, Central Balkan Range were gathered from the database of the National Institute of Meteorology and Hydrology -Bulgarian Academy of Sciences (NIMH, 2017) . Dendrometrical and biometrical indicators were determined by in situ measurements. Tree H, the height at the beginning of the crown (with ultrasonic altimeter Vertex IV) and DBH of all trees were measured. The mean diameter (DBH m ) was determined by the arithmetic basal area. The average height (H m ) was calculated as the weighted average in terms of basal areas of Lorey's formula. The average length of the crown (L кm ) is the arithmetic mean of crowns' diameters (the wider part) of all trees. Stem volume was determined according to the following equation: V = g 1.30 • H • f 1.30, m 3 , where f 1.30 is a tree form factor -specific for each tree species, directly used from a compiled table for species heights for high productive beech (Evangelov et al., 2004) , g 1.30 is basal area (m²), and H is the tree height (m).
The volume of the branches is determined by extrapolating the percentage of branches relative to the stem volume (Sirakov and Duhovnikov, 2004) . The total volume of the aboveground stem with branches is defined as the sum of the volumes of all stems and branches.
Stand productivity class was determined from Tables for determining the productivity class for high productive beech trees (Nedyalkov, 2004) .
Multivariable linear regression was applied to investigate the influence of DBH, H and L k on the aboveground volume from the following type: The presence of multicollinearity was studied through correlation matrix for factor variables (DBH, H and L к ). To avoid the negative impact of multicollinearity a stepwise multiple regression was applied.
For establishing the connection between the aboveground volume and stand height, one linear and six non-linear regressions (quadratic, cubic, power, inverse (hyperbolic) , exponential and logarithmic) were tested in one of the two studied plots. The regression analysis was performed using the software product SPSS.
The optimal of the studied models was selected after their evaluation using the criteria for model choice Аkaike (АIC) (Akaike, 1974; Kullback and Leibler, 1951) , Bayesian (BIC), Schwarz (1978) and rootSample plot means-square deviation (RMSD), MYUNG (2000) . We used AIC, BIC and RMSD, with the following formulae: AIC = −2log(L) + 2k, where k is the number of parameters in the model, аnd L is maximum probability function for the model under consideration; BIC = −2log(L) + kln (n), where k is the number of parameters in the model, L is maximum probability function for the model under consideration and n is the number of data points. RMSD of the model in terms of parameters is defined as square root of mean square error.
To calculate the criteria for choosing an optimal model, the software program 'Companing models' was used (Mavrevski, 2014) .
Results
Values of the determined dendrobiometrical indicators are shown in Table 2 . Mean values of dendrometric indicators in SP1 are lower, but the total circular area and volumes (without and with branches) are higher due to the higher number of trees in the sample plot.
The established values of average tree height, combined with age (Table 1) classify studied forest stands to productivity class II (SP1) and I (SP2), respectively (Nedyalkov, 2004) . The control plot is of a lower class, but the number of trees offsets the volume, and the productivity of the thinned plot increased due to the 'opening' of the stand.
The multiple linear regressions applied to study the dynamics of dendrobiometrical indicators (DBH, H and L k ) over the aboveground volume (Model 1 for SP2 and Model 2 for SP1) is shown in Table 3 .
It resulted in the following regression equations for the relationship between dendrobiometrical indicators. For SP1:
There is a requirement for multiple regression factor variables to be independent from each other, if not -there is multicollinearity and in its presence, the estimated regression coefficients are inefficient and unreliable (Dimitrov, 2003) . To establish the multicollinearity, correlation matrix factor variables were investigated.
When constructing the matrix, with respect to the dependence between the height of the trees on one hand and the respective crowns lengths on the other, is the presence of the dependence, in both cases, where the Pearson's correlation coefficient is higher than 0.7 (0.804 and 0.712 respectively for SP2 and SP1). In the control plot (SP1), the above fact was also found valid with respect to the dependence between the diameter and the height (Pearson's correlation coefficient 0.713). These values are close to the limit and because the relationship between the variables is not functional, but correlational, an incomplete multicollinearity expected to occur (in which the defining variables are approximately linearly dependent) (Dimitrov, 2003) . Moreover, according to Khedi and Dillon (1965) , when the coefficients of correlation between the interacting factor variables are under 850, full multicollinearity is out of discussion.
The stepwise multiple regression was realized to avoid the negative impact of multicollinearity (Table 3 , Models 3, 4, 5 and 6).
Model 3 was obtained for SP2, where only the influence of the DBH over the stock was investigated. The last three models, referred to SP1, show the relationship between the DBH (Model 4); of DBH, together SP1 SP2 2-tailed) . N, number of the studied trees. **Correlation is significant at the 0.01 level (2-tailed). N, number of the studied trees. With the statistically significant coefficients determined by the analysis, there may be proposed the following regression equations for determining the aboveground volume through all other surveyed dendrobiometrical indicators in the studied beech forests (Table 3 For SP2: V = -0.378 + 0.038 • DBH. The height and DBH are the major factors in the basic equation for calculating the volume. The statistical analysis and the resulting model did not prove the influence of height on the volume in SP2. Therefore, the need to seek other options for establishing this relation was considered. These two factors (H and V) were linked by applying descriptive statistics and testing of one linear and 6 non-linear regression equations (quadratic, cubic, power, inverse (hyperbolic), exponential and logarithmic), Table 5 .
The power model (у = аx b ) was unimportant due to the zero regression coefficient 'a'. The quadratic and cubic models were excluded because their regression coefficients were higher than the significance level (0.05).
Therefore, the optimal model for representing the relationship under consideration is linear, inverse, exponential and logarithmic. Which model to choose is decided by applying the criteria for choosing the optimal model (АIC, BIC and RMSD), Table 6 . According to the criterion AIC, BIC and RMSD (Table 6 ), the optimal model of the relationship between V and H m is the linear of the type: Y = ax + b. After testing, there were determined the following model parameters for the dependence (Table 5) 
Discussion
It is well known that in forest dendrobiocenoses the relationship between dendrobiometrical indicators is relatively complex and varied, and almost never this relationship can be expressed and appreciated if considered separately.
In the two studied plots, the connection between dendrometrical indicators for the beech trees predominant in the stand composition were examined ( Table  2) . The regression equations (Table 3 , Model 1 and 2) showed the general relationship between the aboveground volume and the factor variables. SP1 needed stand height (H), DBH and length of crown (L k ) to calculate aboveground volume. Volume (V) was dependent on each of the other variables, but in this case, H has a greater weight. In contrast, in SP2, height did not participate in the regression equation determining the aboveground volume. This fact is a surprise, as height is a major volume forming factor in the basic equation for volume calculation. On the other hand, high values of correlation coefficient R > 0.3 on both plots (0.971 SP1 and 0.980 SP2) and R 2 values (0.944 and 0.960 for SP1 and SP2, respectively) show that the dependence between the studied variables is strong and their variations reflect the variations in the stand volume (more valid for SP2 -within 96%).
Despite the results and analysis do not imply so far a serious danger of multicollinearity occurrence, the presence of incomplete multicollinearity required to apply a stepwise multiple regression. The stepwise multiple regression used to avoid the negative impact of multicollinearity (Table 3 , Models 3, 4, 5 and 6) was applied, where the factor dependent variables were excluded from the regression equation as negligible. In our opinion, the studied relationships are better characterised with the new regression equations obtained after application of stepwise multiple regression with participation of some or all the dendrometric indicators studied (Table 3 , Models 3, 4, 5 and 6).
The analysis of the regression equations obtained shows that in most cases (except for the last equation SP1), the signs of regression coefficients are in accordance with the logic of their influence and role on the stock, i.e. with increasing factor variables studied -increases the volume. What do these coefficients do?
For SP1 -increasing DBH with 1 cm, and in eliminating the influence of Lk and H, the volume of the stems of standing trees has been growing with 0.031 m³, 0.029 m³ and 0.030 m³ respectively. For SP2 the increase is almost identical (with 0.038 m³).
The correlation coefficients (R) between the relevant factors and stock in both cases are high and in a narrow range (from 0.969 to 0.979), indicating a strong two-way link -R 2 (from 0.940 to 0.959), which is more valid for SP2. This confirms the importance of the amendment of these taxonomy parameters on volume variation.
The null hypothesis has been rejected, and the models have been detected statistically significant, since in the performed ANOVA, Fisher's coefficients F (SP2, Model 3) = 1,497.523; F (SP1, Model 4) = 3,355.261; F (SP1, Model 5) = 1,705.656 and F (SP1, Model 6) = 1,191.998, at Sig. F = 0.000 < 0.05 (significance level) for both experimental plots (in all four models) and degrees of freedom df = 3. This was also confirmed by the Bartlett's test of Sphericity in which for both plots Sig. = 0.000 < 0.05, i.e., the cloud data have some 'roundness' and they do not lie on a line in the space. In the conducted КМО test (Kaiser-Meyer-Olkin Measure of Sampling Adequacy) the result is ≥ 0.5 (0.703 to 0.674 for SP2 and SP1, respectively), which is an indication of multi-dimensional distribution of the data close to normal. Table 3 shows that statistically significant regression coefficients are those related to the free member of the equation, as well as any other factor variables. This is evident from the values of functions' free members (constants -'a') and from regression coefficients 'b' and their corresponding values of the Student's 't-criterion and the level of significance (Sig. t) which proves that this regression coefficient does not differ statistically from 0.
Slightly stronger influence of the diameter in SP1, assessed by the higher values of its standardized coefficient (Beta) (from 0.946 to 1.068) has been found. The standard error values are close to 0 (S y is from 0.035 to 0.037), expressing high precision calculations.
In SP1, the aboveground volume size depends on three measurable indicators (variables) with different participation in the three models presented. In SP2 the height (as a factor) does not participate in the regression equation (Table 3 , Model 3). There has been stated that ignoring height as the main volume factor is unacceptable. Therefore, further testing of models illustrating the relationship between the aboveground volume and the stand height (H) in SP2 was necessary.
Separately, all three criteria used (АIC, BIC and RMSD) are only sensitive to the number of parameters, but they are not sensitive to the functional form of the model. Comparison of models with AIC and BIC was performed because the residual sum of squares is directly available in the SPSS software product used. On the other hand, RMSD method could not handle cases with small sample sizes and a large number of parameters in the models, as this could lead to negative square roots. In addition, there is no statistical justification for RMSD. For this reason, it is necessary to evaluate the models by combining the three criteria for assessing the 'optimality' of the models. Through the 'Comparing Models' module, these criteria were computed and compared. The formulas used in the 'Comparing Models' for calculating these criterions are (Mavrevski, 2012) :
where n is the number of data points; k is the number of parameters fit by the regression plus one (since regression is 'an estimating' of the sum-ofsquares, as well as the values of the parameters); RSS, or sum of square error, is the sum of the squares of the vertical deviations from each data point to the fitted line. RMSD = √RSS / n−k, where n is the number of data points; k is the number of parameters; RSS is the sum of square error.
Regression with lower AIC, BIC, and RMSD values is considered to be better.
In the selected 'optimal' linear regression for SP2 (Table 5 and 6), the dependent height (V) is viewed according by one factor (stand height -H). The correlation coefficient R = 0.548 and the determination coefficient R² = 0.300. When the coefficient R is in the range of 0.3 to 0.7, the relationship is medium in intensity and the value of R² indicates that the degree of dependence between the studied factors variables is 30%. The presented linear regression satisfactorily represents the relationship under consideration, which is evident from the Fischer's coefficient (F = 27.471) and its corresponding significance level (Sig. F = 0.000) lower than the error α = 0.05. The model itself is adequate, according to Student's 't'-criterion (t = -2.769) and its significance level (Sig. t = 0.007 < 0.05), in addition the free member of the model is statistically significant, too. This also applies to the regression coefficient before the factor variable (H), where t = 5.242 and Sig t = 0.000. Relatively close to 0 (Sy = 0.115) value of the standard error of the estimate is an expression for acceptable accuracy of the relationship under consideration. The regression is positive, which is visible from the sign before the regression coefficient. The value of this coefficient indicates that the change in stem height by 1 m is expected to change the aboveground volume by 0.029 m³ on average. Therefore, we have a reason to conclude that there exists regression relationship between the aboveground volume and stand height (H) in SP2, according to the represented linear model.
Conclusions
The results of the statistical analysis demonstrated the effectiveness of the applied linear regression analysis. It showed that the link between stand volume and established average diameter, average height and length of the crowns in the studied beech stands is strong twoway.
The finding results showed that dendrobiometrical measurements give better inventory characteristics for SP2.
The conducted tests -Barlett and KMO, showed that the 'cloud' data show some 'sphericity', they do not lie on a line in the space and have distribution close to normal.
There is evident presence of incomplete multicollinearity due to the links between aboveground volume and height in one case, and between aboveground volume and length of the crowns in the second (SP1). After application of a stepwise multiple regression, more accurate regression equations have been proposed to estimate the volume for studied plots.
An optimal mathematical model linear for the relationship between stock and average height in one of the sample plots is proposed, based on the AIC, BIC and RMSD criteria for the selection of an 'optimal' model from different model classes.
The proposed equations allow determining the volume of forest stand of native beech by diameter, height and length of the crown or just by measuring some of them in the studied and similar stands.
